Climate change is expected to alter precipitation patterns in the UK despite the perception that it rains a lot and there are abundant water resources in Scotland. These water resources are under immense pressure and there is the need to adapt to water-related changes by ensuring reliable water supply to households whilst protecting the natural environment. This study was aimed to explore the feasibility of a water neutral development in some selected Private Water Supply (PWS) users in Scotland by understanding people's perceptions on climate change and its perceived effects on their source of water supply. Questionnaires were administered randomly to households in three local authorities (Aberdeenshire, the Scottish Borders and the Highlands) who had the highest users of PWS to address the research aims; awareness of climate change and its perceived effects on PWS source and the attitude towards climate change actions for a water neutral development concept. The expectant response rate was targeted at 20% for all three study areas. The response rate for the Highlands, the Scottish Borders and Aberdeenshire were 27%, 26% and 19% respectively, with the latter being marginally below target. The majority of participants (86%) were aware of climate change, but did not believe climate change was occurring, and if it was, it had been beneficial to them and cannot affect their source of PWS. Most participants (86%) related climate change to government and private companies' agenda to develop complex policies, but were willing to reduce its impact if only it will affect their own source of PWS.
Introduction

Background
In the United Kingdom (UK), approximately forty million pounds (£40,000,000) was estimated to be spent in treating and pumping waste water from 1990 to 2013 excluding other drivers of treatment enhancement (DEFRA [1] ). An adequate supply of clean drinking water is important to sustain human life but its source can be threatened by the impacts of climate change. It has been supposed by some researchers that climate change impacts will be most immediately felt through direct impacts on water resources with extreme events such as floods, droughts and a decline in the quality of water in the years to come [2] [3] [4] [5] . Furthermore, climate change has been predicted to alter rainfall and water catchment hydrological responses across the world (Watts et al. [6] ). In the UK, climate change is expected to cause a rise in temperatures, modify the precipitation patterns and cause an increase in frequent and extreme weather events (Ritson et al. [7] ).
Even though climate change may have an impact on the UK, the impact in Scotland might be severe and different due to the fact that Scotland has a wide range of climatic, physical, economic and other features that distinguish it from the rest of the UK (UK Climate Change Risk Assessment (CCRA) [8] ). The Scottish Government has acknowledged climate change will have an extensive effect on Scotland's economy, its people and its environment and is determined to play its part in tackling climate change (Scottish Government [9] ). The government passed a Climate Change (Scotland) Act by the Scottish Parliament in 2009 which was followed by a publication on "Low Carbon Scotland: Meeting our Emissions Reduction Targets 2013-2027 -The Second Report on Proposals and Policies (RPP2)" on 27th June 2013 (Scottish Government [9] ). The reports create a framework for reducing greenhouse emissions by 80% in 2050 and to ensure delivery of this target the Scottish Ministers are to set annual targets, which include public bodies, but not individual bodies. Though the government has made a commitment to dealing with climate change issues and its impacts, there remains a low level of public engagement in tackling climate change and mitigation actions by Scottish inhabitants especially those in rural and peri-urban communities.
Taking everything into account in terms of differences in Scotland's climate, publication from the UK Climate Projections published in 2009 (UKCP09), predicts Scotland to experience increasing average temperatures throughout the year, an increase in average rainfall in winter, a decrease in average rainfall in summer and rising sea levels (CCRA [8] ). This can be evidenced in the observational weather data obtained from the Meteorological (Met) office which shows that the climate in Scotland has changed significantly over the last 40 years since 1961 with average temperatures increasing by 0.5°C with most of the areas experiencing a significant rise in precipitation. Looking at the Met data, precipitation increase was more pronounced in the winter months with the East of Scotland experiencing a 36.5% increase and the North and West of Scotland receiving an increase of 67% to 69% between 1961 and 2004 (Barnett et al. [10] ). Adapting to these precipitation changes is a pressing challenge since over the past few years there has been pronounced observation of major flooding and landslides becoming more frequent in some parts of Scotland which has not been compatible for a sustainable development (UK CCRA [8] ).
Problem statement
Climate change impacts in urbanized catchments are among the key major discussions in adapting and dealing with the effects on water resources; its quality and quantity in urbanised catchments (Astaraie-Imani et al. [11] ) with less focus on adaptations and the effects on water supply (quality and quantity) in peri-urban and rural areas. In Scotland the majority of rural communities use a Private Water Supply (PWS). Despite the common perception that it rains a lot in Scotland, the water resources are under pressure. A high volume of water is taken from the environment for human use which utilizes high amount of energy to transport and treat good quality water for human consumption. There is the need to plan carefully for the future to ensure reliable water supplies are available for everyone whilst protecting the natural environment (EA [12] ). Though the potential impacts of climate change have been considered in UK water resources planning for a decade [13, 14] , nothing has been implemented for Scotland in terms of PWS usage. The CCRA has considered the main opportunities and threats (CCRA [8] ), that may result from the impacts of climate change but there is no policy or implementation of policies concerning peri-urban and rural areas. Adaptation plans to mitigate impact of climate on source of water supply for private water users seem scarce and there is the need for future plans and practical adaptation actions to ensure PWS resources in rural communities are safe from the impacts climate change might have on them through contamination and pollution. Global Climate Change (GCC) according to Cunha et al. [15] is a problem and the aftermath effects are likely to be less severe if mitigation and adaptation measures are planned and applied in accordance to local or regional specificities. Hence to create an action plan, there is the need for a framework which bridges the gap between the attitudes, behaviour and perception of people towards climate change and the impact it might have on their water resources to create socio-economic policies and also improve water course quality whiles protecting the natural environment.
Aim
This study was aimed to explore the perceptions of PWS users in selected periurban areas in Scotland on climate change and its effects on their source of water supply.
Specific objectives
The specific objectives set were to explore if:
1. PWS users were aware of climate change happening;
2. PWS users perceived climate change to have an impact on their source of private water supply and 3. there was willingness to reduce the impact of climate change.
Method
A postal questionnaire survey was conducted in three case study areas: Aberdeenshire, the Highlands and the Scottish Borders. These areas were selected because they had the highest users of PWS in Scotland. The questionnaire consisted of 40 questions in 4 sections varying from Likert scale to multiple-choice questions. The questions were divided into 4 sections: water supply and source of PWS (shared or not shared), measures of water consumption, water conservation and climate change. A total of 4 questions were dedicated to demographic characterization of the sample (sex, age, tenancy and type of building).
The Scottish Borders were used as a pilot study to test the response and distribution of the questionnaires. Overall, a total of 1,000 questionnaires were distributed within the areas. The number of questionnaires sent and expected (in brackets) was as follow: Aberdeenshire had the highest PWS users so a total of 400 questionnaires (80); the Scottish Borders the second highest; 250 questionnaires sent (50) and the Highlands which was the third highest was sent 350 questionnaires (70). The questionnaires were posted randomly to the selected case study areas using the list of private water users provided by their council. An additional 34 questionnaires were further added to the 1,000 questionnaires to replace the undelivered which were regarded as void.
Results and discussion
A total of 235 questionnaires were received and this comprised 26% and 27% respectively in the Scottish Borders (65) and the Highlands (96) respectively, exceeding the targeted response rate the response rate from questionnaires received. The response rate for Aberdeenshire (74) was 19% which was just below the original target of 20%.
Water supply and sources of PWS
It was observed that all participants in the three case study areas were using PWS due to the fact that there was no other water supply in their neighbourhood or it was already there when they moved in (fig. 1) . The most common source of PWS detected was the spring in all the three areas ( fig. 1 ) but other alternate sources varied. Examples as seen in the Scottish Borders, borehole and stream were the next wide source of PWS; in the Highlands it was the stream, watercourse and the borehole whiles in Aberdeenshire it was the well ( fig. 1) .
Most research in UK on climate change and its impact is mostly focused in urban areas due to urban migration and increase in population. There is also a rich and growing academic literature on the future impact of climate change, which covers mostly on the aspect of water or the water environment, river flows, droughts, extreme rainfall, floods in the UK but with mostly a focus on England and Wales [6, [16] [17] [18] [19] . To date there is none on rural areas and the impact on their source of PWS. From fig. 1 , it can be observed that most rural communities in Scotland use PWS because it is the only option to use. Most research in the UK on climate change and its impact is mostly focused in urban areas due to urban migration and increase in population. There is also a rich and growing academic literature on the future impact of climate change, which covers mostly on the aspect of water or the water environment, river flows, droughts, extreme rainfall, floods in the UK but with mostly a focus on England and Wales [6, [16] [17] [18] [19] . To date there is none on rural areas and the impact on their source of PWS. From fig. 1 , it can be observed that most rural communities in Scotland use PWS because it is the only option to use.
Climate change awareness and impact on source of PWS
It was observed that most of the participants were aware of climate change: in the Scottish Borders 84.1%; Aberdeenshire 79.4% and in the Highlands 88.1% ( fig. 2) . It was only in Aberdeenshire that 4.1% expressed not at all being aware of climate change. The awareness of climate change question aimed to test public awareness of climate change in terms of relevant knowledge and concern through the media, friends or community. Though there were a large proportion of participants expressing awareness of climate change ( fig. 2) , they did not believe it was happening and if it was it has been beneficial to them; this is further observed in their response if climate change would affect their source of PWS where they believed so but in a positive way (fig. 3) 
Proportion of particpants
Climate Change Act not implementing on public engagement; especially for inhabitants in rural and peri-urban communities on PWS. According to Lockwood [20] , the 2008 Climate Change Act is a difficult policy therefore has become a policy problem due to low political salience and immediate cost and has failed to produce political certainty and investor confidence; therefore this might have resulted in public engagement being in theory more than in implementation. Participants further expressed diverse opinions on climate change. Some perceived climate change as one of the governments' agenda to frighten them by presenting some facts just to bring in their own "green" agendas. According to Capstick and Pidgeon [20] , doubts about climate change exist in the form of scepticism and it is often related to the lack of clarity in previous work as to what exactly "scepticism" comprises. Scepticism has also been known to be associated with low environmental awareness and low risk awareness (Engels et al. [22] ). Though participants were aware of climate change, their doubt that it was happening can be attributed to not having enough knowledge on what climate change really is and how they can be affected as suggested by Engel et al. [22] . Furthermore, scepticism among participants was evident because they believed that the climate changes: winter, spring, summer and autumn, therefore they doubted the negative impacts of climate change but believed in the favourable effects of the climate changing in terms of more rainfall, more water for their source of PWS therefore believing climate change affects their source of PWS ( fig. 3 ). This observation of doubt was further more pronounced where most of the participants in addition perceived they were aware of climate change but it was not really that serious because they felt if the terminology 'climate change' was taken out of the questionnaire and replaced with: "do you think change in climate change could impact on water resources and supply in Scotland"; the answer to that question they felt should be simple yes in terms of, "if it doesn't rain for a long time there's no water", so to them they doubted the negative impacts of climate and attributed it rather to luck in terms of rain or no rain when the climate changes: winter, spring, summer and autumn. Gifford et al. [23] and Lorenzoni and Pidgeon [24] state that "climate change is often seen by people as a temporally distant phenomenon primarily affecting other places, times or peoples"; as observed in this study, some participants perceived climate change to be happening but they did not think Scotland will be permanently affected by any reduction in water supply or quality but maybe in the foreseeable future. In fact they believed Scotland has abundant water resources to be affected by climate change and they will rather gain more as they have witnessed increase in rainfall over the years hence there will be no negative impacts on their water resources. To a great deal, participants believed climate change had a 6.6% (in the Scottish Borders); 6.5% (in the Highlands) and a 14.1% (in Aberdeenshire) chance of affecting their source of PWS negatively ( fig. 3 ). This is not surprising as in 2006; research by Lorenzoni and Pidgeon [24] observed that the perceived risk of climate change was seen as a distant threat and of a limited personal importance. Seeing climate change as a distant phenomenon was also evident in this study because comments from participants in all the case study areas perceived climate change to be a lie and even if it will happen it will be a one hundred years from now or when they were dead; others subscribed to the notion that southern England should rather have more concerns for impact on their water resources and a change in climate. Furthermore recent studies have noted declines in the public's acceptance of climate science in terms of the climate changing and the perceived absence of government policies that target combating impacts felt by climate change [25] [26] [27] therefore, some respondents perceived climate change does not exist as portrayed by the media and even if it was proven beyond doubt nothing will really be done about it.
Participants that perceived climate change was happening were happy because they felt they had benefited from it and this can be seen in fig. 3 were participants felt it had an impact on their source of PWS but in a positive way. A participant made the comment: "our farm has got wetter over the last 40 years; climate change is making our supply more secure". According to Nisbet and Myers [28] the impacts of climate change could be attributed to lower priority than other social and environmental issues and in relation to this study, it was evident in some respondents being more concerned about pollution and diseases for the future. One participant expressed this opinion: "whilst I am worried about climate change globally and locally, the local part (I don't think will have much effect on my water supply -an increase if anything); however, globally there may well be problems with supply, pollution and disease"; attesting to the fact the priority was not necessarily on climate change.
Willingness to reduce the impact of climate change
Although there were varied perceptions as to whether climate change was real or not and most participants related it to government and private companies' agenda to create complex policies, majority of them were willing to reduce the impact of climate change if it will directly affect their source of PWS: 73.8% (in the Scottish Borders); 73.9% (in the Highlands) and 74.3% (in Aberdeenshire) (fig. 4) . Though existing work indicates a distinct difference between individual intentions to engage in mitigation and actual action (Pidgeon et al. [29] ), participants in all the study areas showed a relatively low minimal hesitancy in helping to reduce the impact climate change may arise in terms of low water quality, flooding and droughts. According to Sharples [30] , there remains a surprising low level of public engagement in tackling climate change although the public are not totally ignorant of the climate change issues but rather falls short in understanding the key aspects (Lorenzoni et al. [31] ). The key aspect in this study was a reduction in "water quality", "flooding" and possible effects of "drought" in Scotland perceived to have abundant rainfall which was an enough incentive to make them willing to reduce the impact and be water neutral. Furthermore, in all three areas; the questionnaires somehow created awareness of climate change (which was not intended to). 
Conclusion
This study has shed valuable light on the issue of public perceptions of climate change of residents who are not on the mains water supply and in live in rural 
Percentage to consider
Scotland adding weight to the climate change debate. The general perception that climate change may impact negatively on water resources and people was perceived to be a myth and participants believed climate change to be good. It was observed the "wording of climate change" means the climate is constantly changing and it was a continuous action and not a new thing of which private companies and government institutions were banking on to make profits through complex policies. Therefore it has emphasized the need for public education and engagement of rural and peri-urban communities on the effects of both positive and negative impacts of climate change since participants were willing to reduce the impact of climate change if they will be affected directly. This enforces a need to review existing policies, plans and framework which incorporates public engagement in both theory and practical on climate change action plans to ensure PWS users are safe and prepared to adapt to climate change impact for water neutrality to be feasible. It is recommended that such a policy document or framework should involve an active public engagement.
